The aim of this review is to highlight some of the challenges in designing thermally responsive nanoparticles, where the responsivity is endowed by a responsive polymeric corona. A review of the literature reveals many contradictory observations upon heating these particles through their transition temperature. Indeed, both an increase in size due to aggregation and particle shrinkage have been reported for apparently similar materials. Furthermore, careful review of the literature shows that responsive nanoparticles do not have the same transition temperature or properties as their constituent polymers.
Introduction
Inspired by the responsive and adaptable nature of biological macromolecules and assemblies, it has long been the goal of chemists to create synthetic (macro)molecules which can match Nature's performance. Modern controlled and highly tolerant polymerisation methodologies coupled with highly-orthogonal modification chemistries now allow access to macromolecules bearing virtually any functionality with a range of topologies and architectures, and even offers some hope of sequence control. Responsive polymers which are able to undergo large structural changes in response to an external stimulus have attracted much attention working towards achieving the goal of generating 'smart' materials capable of giving a measurable output in response to environmental changes. In pursuit of this, materials which respond to electrical currents, electromagnetic fields, light, pH, enzymes, salts, biomarkers and more have been synthesised and are the subject of many reviews. [1] [2] [3] One of the most promising and most studied stimuli is heat. Many synthetic (and natural) polymers display lower critical solution temperature (LCST) or upper critical solution temperature (UCST) behaviour promoting reversible desolvation or solvation, respectively, when heated above a critical transition temperature, depicted in Fig. 1 . Some common LCST thermoresponsive polymers are shown in Table 1 .
The temperature where phase separation occurs is termed the cloud point, which is the measurable macroscopic effect. The actual LCST/UCST is defined as being the intersection of the spinodal and coexistence curves -this difference is crucial in the discussion below. A further advantage of modern polymerisation methods is that they allow for the incorporation (typically at chain ends) of discrete functionality to enable immobilisation onto surfaces. In particular, immobilisation of polymers onto nanoparticles to form a responsive corona offers potential in a wide range of technological, biological and medical applications where the interfacial properties are being modulated. This includes reducing non-specific protein binding, improving biocompatibility, preventing coagulation/aggregation, enabling sensing capabilities or modulating solubility.
The aim of this review is to introduce the reader to some of the design criteria which must be considered when synthesising thermoresponsive (specifically LCST) polymer-coated nanoparticles. Particular focus will be placed on the influence of immobilisation on the observed phase transitions and the measurement techniques necessary to observe these. This will be put into context by comparison with the (significant) literature of flat-surface grafted polymer brushes and also compared to related solution studies of responsive assemblies. This is not intended to be a complete and comprehensive review on thermally responsive polymers, but rather to set the scene for the discussion of the individual factors which contribute to their properties and the challenges faced in ensuring these particles have predictable, desirable, and appropriate thermal responses in their targeted application.
Synthesis of responsive nanoparticles
There are 3 general methods used, in the context of this article, to access responsive nanoparticles with polymeric coronas; grafting from premade nanoparticles, grafting to premade nanoparticles and solution self-assembly of amphiphilic block copolymers; these are summarised in Fig. 2 . Synthetic methodology is not the focus of this review and readers are directed to the individual references and also a recent review. 4 However, in order to place into context the concepts described later it is necessary to highlight some of the key methodologies used to obtain responsive particles discussed herein. Block copolymers where (at least) one block is hydrophobic and the other is hydrophilic (or in this case responsive) spontaneously self-assemble in aqueous solution to reduce the unfavourable interactions between water and the hydrophobic block. Depending on the ratio of each of the block lengths, either micelles (high curvature) or vesicles with a bilayer structure (low curvature) are formed, Fig. 2A . Micelles have hydrophobic interiors a whereas vesicles have a discrete hydrophobic bilayer and hydrophilic interior domain. This bottom up assembly approach has been demonstrated to afford well-defined and responsive polymeric nanostructures. An alternative route to core-shell nanostructures is to use pre-formed nanoparticles, typically based on inorganic substrates such as silica, gold, iron oxide or even polymer colloids, which offers the opportunity to predictably and precise control the particle size and shape. These pre-formed substrates can subsequently be modified by one of two methods, Fig. 2B and C. The first method is the 'grafting to' approach, where an already-synthesised polymer which has a reactive 'handle' capable of binding to the particle surface is immobilised. This approach has the advantage of being able to fully characterise each component prior to nanoparticle assembly allowing for excellent size and property control in the resultant hybrid particle. The second method the 'grafting from' approach requires a polymerisation initiator (e.g. for radical, ring opening or metathesis) to be first attached to the surface of the particle and polymer chains are subsequently grown from this attachment point. This method tends to give denser and longer coronal polymer chains and the consequences of this are discussed in later sections.
Applications of corona-responsive particles
The potential applications of any corona-responsive particle lie in their fundamental ability to change a physical parameter (be it solubility, size, aggregation, charge or more) upon application of an external stimuli, or upon encountering a different environment containing a desired concentration of a particular stimulant. In this section, the potential emerging, applications of responsive nanostructures, which may be either as polymers or particles, are summarised. An early application of thermoresponsive polymers was to modulate enzyme function. 5 Hoffman and co-workers conjugated PNIPAM onto b-glucosidase to enable facile isolation, and to modulate its activity. While most applications of the LCST focus on a soluble to insoluble transition, this has also been exploited to trigger a change in lipophilicity to promote phase transfer from aqueous to organic solutions. 6, 7 This solubility switch results in a change of partition coefficient, which is a key characteristic in the design of 'drug like' molecules which are able to cross cellular membranes. In particular, this switching may be useful for hyperthermic targeting of disease sites, such as tumours which are typically 1-2 1C warmer than surrounding tissues. PNIPAM was shown to preferentially accumulate in a murine tumour model 8 and in vitro studies have shown that heating (40 1C) PNIPAM-coated gold nanoparticles above their LCST (37 1C) results in cellular internalisation. 9 Alternatively, thermoresponsive polymers have been used to reversibly mask tumour-targeting ligands, so that upon applying a local temperature gradient, the ligands are exposed, promoting receptor-mediated endocytosis. 10 A further example of this uses gold nano-rods which undergo a localised heating effect when exposed to near-infrared (NIR) light (650-900 nm). This was exploited to trigger a phase transition in surface-grafted PNIPAM. 11 Selective accumulation of the thermoresponsive nano-rods in murine kidneys was achieved by targeted exposure of the NIR light. Polyionic complexes comprising of DNA and poly(ethyleneimine) with a PNIPAM corona were used to deliver green fluorescent protein plasmid into B16F10 cells by switching the temperature from 25 to 37 1C which is above the LCST of the PNIPAM component. 12 Fig . 3 shows an example of thermallytriggered internalisation of P(NIPAM-co-DMAAm)-block-poly(lactic acid) micelles into endothelial cells upon heating B3 1C above their LCST. 13 In addition to using the LCST to trigger cellular uptake or aggregation, it has also been exploited for the controlled release of encapsulated drug molecules. Okano et al. developed micelles with a PNIPAM corona, containing the hydrophilic drug Adriamycin. Upon heating, the corona collapsed, destabilising the micelle and causing Adriamycin release. 14 As this review is focused on nanoparticles with responsive coronas, we do not cover the assembly and encapsulation of drugs into particles with responsive cores, or the use of a thermoresponsive polymer to drive self-assembly of polymer-protein hybrids, 15 but these are covered in several recent reviews. [16] [17] [18] Covalent incorporation of a fluorescent dye sensitive to the hydration of the polymer chain provides a fluorometric output for LCST phase transitions, and can easily be incorporated into nanoparticle assemblies. 19 By heating above the LCST, expulsion of water molecules changes the dye's hydration state synthesised block copolymers of PNIPAM and polystyrene which formed micellar thermoresponsive nanoparticles with thermallytuneable emission.
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It is also worth highlighting the concept of isothermal LCST transitions, whereby the desirable transition of a thermoresponsive polymer/particle is triggered by application of a secondary stimulus, which effectively shifts the phase diagram of the polymer to trigger the transition. Examples of these triggers include pH-triggered disassembly, addition of salts, 22 bacteria 23 or intracellular glutathione. 24 The concept of phase transitions has been exploited extensively within amphiphilic block copolymer assemblies for triggering changes in the self-assembly processes which can be utilised in controlled release or morphology switching applications, Fig. 5 . Interestingly, using polymers such as PNIPAM it has been reported that temperatures well above its expected LCST (B32 1C) are required to induce the morphology transition. These transitions were observed to be relatively slow when using PNIPAM which was attributed to its high glass transition temperature and strong interchain H-bonding which prevents fast and reversible switching. Indeed, further work by Grubbs demonstrated that poly(ethylene oxide)-co-poly(butyleneoxide) was a more effective responsive block and allowed for fast and effective morphology switching. 25 More recently Chen and Jiang have demonstrated that through design of a lightly associated permanently hydrophobic domain, fast and reversible micelle-vesicle transitions could be observed at temperatures close to the LCST of PNIPAM. 26 They accounted for this through the reduced restriction of conformational changes in the responsive block in these nanostructures.
Responsive polymer brushes on flat substrates
In order to understand and discuss the influence of immobilisation of polymers during the synthesis of responsive nanoparticles, it is necessary to briefly discuss the significant progress which has been made in the study of responsive polymers on flat surfaces. Such systems have been probed by several complimentary techniques including contact angle, atomic force microscopy, elipsometry, quartz-crystal microbalance, infrared and neutron reflectivity. Polymer brushes, where one chain-end of a polymer is immobilised onto a solid substrate, have attracted wide interest as ultra thin (10's-100's of nanometre) functional coatings. The two general methods to obtain these brushes are the same as for coating pre-formed nanoparticles with polymers (i.e. the 'grafting from' and 'grafting to' approaches). Generally speaking, 'grafting from' gives rise to high polymer brush densities and thicker brushes than the 'grafting to' method. The synthetic methods to obtain these are outside of the scope of this review, but readers are pointed to some detailed review articles. 27, 28 Since the original work by
Alexander and de Gennes 29, 30 on the conformations of surfacetethered brushes there has been a huge research effort to understand their structure. Original theories made the key assumption that the density of the polymer chains was constant throughout the brush and hence the chain ends are all at the same distance from the surface 29, 30 (Fig. 6A) . However, the more recent mean field theory of polymer brushes suggests that the structure shown in Fig. 6B is a more accurate representation, with a higher density of monomer units at the substrate compared to the surface. 31 This distinction of the two independent regions in polymer brushes is crucial in their applications, especially in responsive systems where the bulk transitions (such as in a nano-actuator), or the surface (such as reversible cell adhesion) are critical. Huck and co-workers have studied the effects of confinement of thermally responsive, nanopatterned, poly(2-(2-methoxethoxy)ethyl methacrylate) brush by atomic force microscopy (AFM). 32 Feature sizes of 35 nm which contained only B300 individual polymer chains were compared to those which were essentially infinitely large in one dimension. Upon heating-cooling cycles the 35 nm features (whose polymer chains can explore more space) showed larger swelling ratios compared to the laterally infinite brushes. The smaller brush features also displayed significantly broader collapse transitions occurring over the range of 20-40 1C, as opposed to the sharp transition between 25-32 1C observed for the infinitely large brush domain. This was rationalised as in small feature sizes each individual chain can explore more space, as they are less sterically confined (i.e. larger volume/brush is available) which accounts for the observed broadness of the transition. Such a comparison is similar to a curved nanoparticle surface, which is discussed in the next section. Whilst AFM provides detailed structural information it probes the bulk changes, rather than surface properties. To address this, Lalyaux et al. used a combination of quartz crystal microbalance (QCM) and contact angle (CA) measurements to simultaneously probe the collapse of polymer chains and the change in CA as a function of temperature. 33 Between 30 and 40 1C the thermally triggered collapse (shrinkage) of PNIPAM was observed due to de-solvation of the polymer. However, there was no increase in the CA until the temperature passed 40 1C, suggesting significant polymer brush solvation even above the predicted LCST. This has profound implications for the design of responsive particles as an increase in hydrophobicity (or surface energy) triggers aggregation, but this result indicates that the LCST transition has already occurred prior to any observed surface changes. Using elipsometry, Vansco and co-workers separated the collapse of each segment of the polymer brush. 34 Low grafting density brushes demonstrated a smooth, broad phase transition compared to the higher density brushes which had a sharp phase transition which may represent the different levels of hydration of the different segments. Modelling the elipsometric data suggested that the flexible surface segments began to collapse prior to any changes in the densely packed layers. Neutron reflectivity studies 35 and QCM studies of electrolyte-induced transitions 36 have also confirmed this non-linear collapse of PNIPAM brushes. Low density PNIPAM brushes (o0.1 chains per nm 2 ) displayed no appreciable change in contact angle or thickness upon heating up to 40 1C, in contrast to higher densities which became more hydrophobic upon heating. This observation strongly influenced protein-cell binding within these polymer brushes. 37, 38 Taken together and placed in the context of nanoparticles, it can be seen that surface and bulk properties of polymer films must be considered when designing thermoresponsive nanoparticles. In particular, the transition temperatures and measurable macroscopic properties are not necessarily the same as those of their linear, soluble polymer counterparts.
Thermally responsive nanoparticles
The remainder of this review will discuss thermally responsive polymer-coated nanoparticles with a particular focus on those displaying lower critical solution temperature behaviour. By focusing on LCST polymeric materials, comparison to flat-surfaces 'polymer brushes' will be made and observed trends highlighted.
Transitions and macroscopic outcomes
When studying the phase transitions of responsive polymers the most commonly measured macroscopic property is the onset of aggregation via turbidimetry -monitoring the decrease in transmitted light once the polymer has been heated above its cloud point. Although this has the advantage of being an experimental observation, it is actually measuring the outcome of the transition not the transition itself; these are not necessarily the same. Complementary techniques such as microcalorimetry and 1 H NMR spectroscopy have revealed that the actual transitions begin at temperatures below that of the cloud point, and highlights a problem in using macroscopic events to characterise a molecular process. 39 A consequence of this is that is not clear how the thermoresponsive properties (onset, cloud point, transition width) of the polymers will translate when incorporated onto the surface of nanoparticles compared to behaviour when free in solution. Furthermore, the intermediate states during the transition, which include contraction and knotting before final collapse, make this a rather complex process. This will not be discussed in this review, but readers are pointed to the work of Wu and co-workers on single-polymer chain collapse using light scattering techniques.
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Gibson et al. observed that poly[oligo(ethyleneglycol)methacrylate] coated gold nanoparticles displayed significantly lower cloud points than the responsive polymer alone in solution, highlighting this point. 42 The free POEGMA had a cloud point of >95 1C whereas a 50 nm diameter gold nanoparticle functionalised with the same polymer showed a cloud point of 75 1C. Such a dramatic decrease had not been previously reported and represents a serious challenge in the predictable design of responsive nanoparticles with controlled transitions. This size-dependant decrease was further shown to occur for a wide range of POEGMAs with different LCSTs, and most interestingly also for self-assembled polymeric micelles. 43 This appears to be due to significant end-group effects for oligomers, which has been shown for several systems.
24,51,52
In order to explain this particle size dependent trend on transition temperature, which is not universally observed, comparison to the previously discussed cases of flat substrates with grafted polymer brushes is required. Restricting polymer chain flexibility in a confined environment would be expected to lead to dramatic changes in both the conformation and the transitions of thermally responsive polymers. When we consider a spherical surface the free space per polymer chain at equal grafting densities, will be strongly dependent on the degree of curvature, shown schematically in Fig. 7A. Fig. 7B shows how the average volume per chain for surface grafted polymers on spherical nanoparticles varies as a function of particle radius. Although this is an oversimplified model it highlights how dramatic effects should be seen for nanoparticles with diameters in the range 1-50 nm, where small changes in size have dramatic influence on curvature, which fits with the observations of Gibson et al. 42, 43 Zhulina et al. 53 predicted in 1991 that spherical polymer brushes would undergo temperature-triggered collapse from the outer layer due to the effective lower density compared to the interior of the brush and this has since been shown experimentally on flat substrates. 34 As particle size changes, there is also an effective change in local functional unit concentration. This presents a feasible explanation for changes observed in cloud point, as this property is intrinsically concentration dependant in solution. The final factor to consider is the actual grafting density of the polymer onto the surface; the relative volume per chain will vary between high and low grafting densities resulting in differences in local monomer unit concentrations and hence may influence the thermal transition temperatures. To the best of our knowledge the collapse transition temperature as a function of grafting density
has not yet been studied in detail, although some observations have been made (vide infra).
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This interplay between grafting density, curvature and elongation of the polymer chains is complicated when considering particles, particularly in terms of the macroscopic consequences of the polymers passing through their transitions. As discussed above for polymer brushes, a transition (in terms of partial collapse of the polymer chains) can occur without significant changes in the contact angle, implying there is still hydration-solvation. In the case of nanoparticles, one can imagine the situation where the polymer brush collapses without giving rise to nanoparticle aggregation, or delaying aggregation until further heating is applied. This subtle distinction is absolutely crucial for the properties/ applications: for example a change in surface chemistry might be the desirable outcome (e.g. for protein binding), or aggregation (e.g. for sensing) however this may only be observed at a temperature above the actual transition temperature.
Most reports of responsive nanoparticles in solution report the change in optical transmission (aggregation) as an indicator of a thermal response, specific changes in particle size are also observed. Kim et al. synthesised 17 nm gold nanoparticles with a PNIPAM corona by surface-initiated ATRP with a relatively thick polymer layer. 55 Upon heating above 30 1C, the nanoparticle diameter was observed by DLS to contract from 190 to 107 nm which is almost identical to what is observed in solid-supported, densely packed polymer brushes. This is in stark contrast to the observed effects for PNIPAM-coated 13 nm gold particles made by an in situ 'grafting to approach', via RAFT. 44 Upon heating above 27 1C these particles readily aggregated with an observed size increase from B100 to 800 nm. This contrasting behaviour for two similarly sized nanoparticles (shown in Fig. 8 ) with identical chemical structures serves as an example to highlight two contrasting macroscopic outcomes of nanoparticle-tethered polymer phase transitions and highlights the challenge of designing a particle with a particular response for a specific application.
Although not a complete review of the (very significant) literature of responsive nanoparticles, a summary of polymercoated responsive nanoparticles made by both 'grafting to' and from approaches is shown in Table 2 . This only includes examples where the hydrodynamic diameters of the nanoparticles were explicitly measured by dynamic light scattering, to allow for comparison before and after the thermal transition.
The most obvious trend in Table 2 is that responsive nanoparticles with thick, densely packed, brushes (i.e. those prepared by the 'grafting from' method) tend to show shrinkage rather than colloidal aggregation upon heating through their LCST, and that those with less densely packed brushes ('grafting to') tend to colloidally aggregate following transition. Wu and co-workers observed that 600 nm polystyrene particles with low densities of PNIPAM grafted did not show significant size changes upon heating from 20 to 35 1C, but as the grafting density increased, the contraction upon heating became more pronounced. 54 These observations can be speculated to be due to 2 different components; (i) accessibility of chains ends and (ii) reduced grafting densities, leading to an increased contribution from the underlying surface as a consequence of mushroom/brush regime differences. Solution studies of thermo-responsive polymers, particularly by Rimmer et al., have shown that the hydrophilic chains ends of branched PNIPAM can stabilise polymer aggregates above their cloud point to give stable colloids. 62 This implies that the chain ends impart significant stability (hydrophilicity) above the cloud point. Low density brushes would be expected to have less significant chain-end effects than high density brushes. A distinct transition exists between very lightly grafted polymers in the 'mushroom' regime compared to the densely packed 'brush' regime. The brush regime is typically defined as being when the distance between grafting sites of the polymers is greater than twice the radius of gyration (R g ) of the individual polymers. 'Grafting to' is intrinsically limited by the excluded volume effect, preventing high densities, unlike 'grafting from' approaches, shown schematically in Fig. 9 . Brittain and Minko have reviewed the definitions of polymer brushes highlighting this feature which is pertinent in this review. 63 In the mushroom regime, the polymer chains do not present sufficient surface coverage to ensure that only polymer-solvent interactions are present, and indeed solvent-substrate interactions are also present. A direct consequence of this is that the hydrophilicity/ hydrophobicity of the polymer corona is therefore influenced by the nature of the underlying substrate. This effect is well known from colloid science for steric stabilisation. Using density gradients of poly(acrylamide), Genzer and coworkers 64 identified the transition between mushroom and brush by exploring changes in both film thickness and contact angle. Within each individual regime, the responsive behaviour of the polymer and resulting macroscopic properties (such as wetting or aggregation) will therefore be significantly different and the contribution of the underlying substrate will also vary. 65 Experimental evidence for the surface exposure was obtained by Mastratto et al. PNIPAM-coated AuNPs were synthesised by the grafting to approach (to give polymer chains in the mushroom regime) with hydrophilic cell targeting ligands also included at the surface. 10 Below the LCST of the PNIPAM the polymer effectively shielded the underlying surface by steric effects, but above the LCST the polymers collapsed, exposing the ligands which triggered cellular recognition/internalisation, Fig. 10 . The lack of aggregation above the LCST (which would be expected based on the previous 'grafting to' AuNP studies) and the specific receptor-cell interactions provided evidence that at low grafting densities the underlying substrate can control macroscopic events and in particular phase transitions. As introduced in the above sections, self-assembled block copolymer spherical micelles with a thermoresponsive block in the corona can undergo a morphology switch to form vesicular or cylindrical nanostructures. Reports on this process, using PNIPAM as the central (responsive) block do not report any increase in turbidity nor significant shrinkage upon heating. 66, 67 While this may appear to conflict with the observations outlined in Table 2 , these systems contained a permanently hydrophilic component in the corona, hence they maintain their watersolubility throughout the transition and do not show an increase in diameter until the morphology transformation occurs, Fig. 11 . The most surprising observation of these systems is the amount of time required for the morphological transitions to occur, typically taking several days; in the initial stages there is a small decrease in hydrodynamic diameter of the spherical micelles, followed by a relatively abrupt increase in size and dispersity upon formation of vesicles. It is also observed that the systems must be heated well above the LCST of the constituent polymers (ca. 10 1C) implying some confinement effects, as observed with surface grafted brushes. 1 H NMR spectroscopy also confirmed the observed increased transition temperature in the nanostructures. 66 Complementary studies of self-assembled oligomers containing responsive oligoethyleneglycol (OEG) units with precise numbers of the responsive branches have been undertaken by Thayumanavan and coworkers. 68 Micelles constructed from oligomers with more OEG branches showed narrower transitions, at lower temperatures, compared to micelles constructed from oligomers with fewer OEG branches. During transition from micelle to vesicle, the curvature and density of the responsive chains will vary and hence will dramatically change the actual transition temperature during the morphology switch. This, combined with interfacial/surface energy considerations, no doubt contribute to the complex behaviour observed for these systems. Direct experimental evidence of the conformational regime assumed by nanoparticle-grafted polymer chains has been observed by Gauthier and co-workers, using proteins as monodisperse substrates, Fig. 12A . 69 More than 100 discrete polymer-protein conjugates were synthesised by the surface initiated ATRP of oligo(ethyleneglycol)methacrylate from chymotrypsin decorated with varying densities of ATRP initiating sites. This methodology provided precise and quantifiable control over grafting density, number average degree of polymerisation and PEG side-chain length (which influences the LCST). Using 1 H NMR spectroscopy as a probe for polymer flexibility, the transition between mushroom and brush regimes as the grafting density increased from 2-12 polymers/protein was clearly observed. Furthermore, this transition correlated with a decrease in the observed cloud points of the conjugates, Fig. 12B . This supports both hypotheses that increasing steric crowding or reducing exposure of the hydrophilic protein surface can lower the responsive transition temperature relative to the free polymers in solution.
Outlook
Here we have summarised the current state of the art in the design of thermally responsive nanoparticles. The key question which is raised here is ''what output is desired when assembling a responsive polymer onto a responsive nanoparticle?'' While apparently simple, this review has shown that translating the thermally-responsive properties of polymers into nanoformulations is not necessarily straightforward and can give rise to unexpected results. The literature was surveyed to reveal that apparently similar, responsive nanoparticles give rise to distinctly different responses: either aggregation or shrinkage. Here, this is linked to the structure of the grafted polymer layer, particularly the influence of the grafting density. By relating the surface of nanoparticles to the well-studied flat-surface tethered polymers ('brushes') it was possible to hypothesise that the differences are due to the different conformation regimes which the polymers can assume; brushes (higher density) or 'mushrooms' (lower density). In the mushroom regime, above the collapse (LCST) temperature of polymers, the chains are sufficiently spaced for the underlying substrate to dominate interfacial properties and hence drive aggregation (or ligand expression). In the brush regime, the densely packed brushes cover the surface and hence shrinkage, due to expulsion of water, is observed but the chain ends maintain solubility/mobility preventing aggregation in many cases.
These observations highlight the need to use appropriate spectroscopic tools when monitoring the properties of responsive polymer-coated particles and to ensure that distinction is made between the polymer thermal collapse and the macroscopic aggregation/shrinkage and also careful monitoring of the actual transition temperatures, in addition to clouding points. If responsive particles are to be translated into real-world applications, consistent terminology, testing and appropriate consideration of underlying physical phenomena must be discussed and disclosed. The need to continue investigating these materials, also offers hope for the development of new, yet unknown, functional and responsive nanoparticles with many potential applications.
